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ABSTRACT 


\ 

I 

Central  to  the  development  of  occupational  physical  selec¬ 
tion  standards  for  trades  in  the  Canadian  Forces  is  the  study  of 
the  relationship  between  man's  physical  attributes  and  his  phy¬ 
sical  performance  capabilities.  A  battery  of  tests,  pertaining 
to  the  physical  attributes  of  strength,  anthropometry  and 
endurance,  has  been  compiled.  The  tests,  selected  from  the 
literature,  were  those  with  a  demonstrated  relationship  with 
work  performance.  The  performance  of  male  and  female  subjects 
on  these  physical  tests  and  on  job-related  tasks,  representative 
of  the  physical  demands  of  the  trades,  will  be  compared.  Those 
candidate  tests  which  exhibit  a  practical  predictive  relation¬ 
ship  with  the  tasks  will  be  selected  for  the  development  of  phy¬ 
sical  selection  standards  for  trades  in  the  Canadian  Forces. 
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INTRODUCTION 


Many  trades  in  the  Canadian  Forces  (CF)  are  physically 
demanding,  limiting  the  number  of  individuals  who  can  perform 
the  duties  associated  with  these  trades.  Physical  standards  may 
assist  in  the  effective  assignment  of  personnel  to  the  various 
trades.  The  value  of  physical  standards  is  of  interest  to  the 
industrial  sector  as  well  as  the  military.  Efforts  to  develop 
physical  standards  have  been  attempted  in  a  variety  of  civilian 
occupations  (1-5).  Currently,  military  groups,  such  as  the 
United  States  Air  Force,  Army  and  Navy,  are  each  separately 
studying  the  prospect  of  screening  individuals  using  physical 
selection  standards  (6-10). 

DCIEM  has  been  tasked  to  study  the  physical  requirements  of 
three  CF  trades;  Weapons  Technician  (Air),  Weapons  Technician 
(Land)  and  Mobile  Support  Equipment  Operator.  The  purpose  of 
this  tasking  is  to  provide  the  Canadian  Forces  Training  System 
Headquarters  with  valid  physical  selection  standards  for  these 
trades.  In  addition,  this  work  serves  as  a  pilot  study  for  a 
more  comprehensive  tasking  to  develop  occupational  physical 
selection  standards  (OPSS)  for  all  trades  in  the  CF. 

It  is  not  feasible  to  screen  each  recruit  using  all  of  the 
physically  demanding  tasks  of  each  trade.  Therefore,  criterion 
tasks  representative  of  the  physical  demands  of  each  trade  were 
compiled.  They  involve  predominately  manual  materials  handling 
activities  (MMHA),  corroborating  the  finding  of  a  USAF  study 
that  90  percent  of  the  tasks  perceived  by  the  incumbents  to  be 
stressful  involved  MMHA  (6).  There  are  six  basic  types  of  MMHA: 
lifting;  lowering;  pushing;  pulling;  carrying;  and  walking  (11). 
Since  the  criterion  tasks  for  the  three  trades  under  investiga¬ 
tion  contain  several  lifting  and  lowering  movements,  many  of  the 
physical  tests  selected  for  the  battery  are  specific  to  these 
movements. 

This  paper  proposes  a  battery  of  candidate  physical  tests 
and  measures  selected  on  the  basis  that  they  are  biomechanically 
related  to  the  requirements  of  the  criterion  tasks.  Correla¬ 
tions  between  the  performance  on  the  criterion  tasks  and  the 
performance  on  the  physical  tests  will  be  examined.  Those  phy¬ 
sical  tests  and  measures  which  show  a  practical,  predictive 
relationship  to  the  criterion  tasks,  will  be  used  in  the  final 
selection  standards  for  the  three  trades. 


REVIEW  OF  THE  LITERATURE 


Physical  tests  have  been  used  in  industry,  athletics  and 
the  military  to  predict  a  person's  capability  to  perform  physi¬ 
cal  tasks  (1-5,12,13).  A  review  of  the  factors  which  should  be 
considered  when  assessing  human  physical  capabilities  has  been 
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completed  In  preparation  for  the  development  of  OPSS  (14).  Many 
factors,  including  psychological,  neurophysiological  and  physi¬ 
cal  have  been  shown  to  affect  an  individual's  performance 
(5,15,16).  The  present  study  limits  its  scope  to  the  physical 
factors.  Man's  primary  physical  attributes  can  be  divided  into 
three  categories;  strength,  anthropometry  and  endurance  (6). 
Each  of  these  areas  was  extensively  reviewed  and  appropriate 
tests  were  selected  for  inclusion  in  the  test  battery. 


Strength 

Muscular  strength  can  be  defined  as  the  ability  of  a  muscle 
or  muscle  group  to  exert  a  maximal  force  (17).  Strength  testing 
is  important  because  it  can  provide  an  effective  method  of 
predicting  an  individual's  capability  of  performing  a  physical 
task  (18).  The  assessment  of  strength,  both  in  terms  of  the 
physical  requirements  of  a  task  and  the  physical  capability  of 
individuals,  can  be  used  to  increase  the  effectiveness  of  man¬ 
power  management  and  career  planning,  reduce  the  risk  of  job- 
related  injury  ,  and  establish  population  norms  for  the  improved 
design  of  tools  and  equipment  (1,3,18,19). 

Strength  is  a  complex  entity.  Therefore,  in  determining 
which  strength  tests  should  be  included  in  the  testing  battery, 
the  different  types  of  strength  and  the  specificity  of  strength 
had  to  be  considered.  Fundamentally,  there  are  two  methods  for 
measuring  strength;  static  (isometric)  and  dynamic  (isotonic) 
(20-23).  Static  strength  is  the  tension  in  the  muscle  when  it 
contracts  against  an  outer  resistance,  which  is  immovable  (20). 
Dynamic  strength  is  equal  to  the  load  that  can  be  moved  a  given 
distance  (21).  Dynamic  strength  can  be  further  divided  into  two 
categories.  The  first  is  an  explosive  manoeuvre  involving  only 
one  action;  the  second  involves  prolonged  or  repeated  actions 
(8,24). 

There  are  conflicting  views  in  the  literature  as  to  the 
relationship  between  static  and  dynamic  strength  (20, 22, 23, 25- 
31).  A  review  by  Laubach  revealed  a  large  correlation  range 
from  -0.25  to  0.99  (32),  between  static  and  dynamic  strengths. 
The  low  correlations  may  be  due  to  varying  testing  procedures, 
therefore  causing  the  comparison  of  very  different  activities 
(22).  Carlson  (23)  studied  the  relationship  between  the 
Isometric  and  isotonic  strength  of  the  right  elbow  flexor  mus¬ 
cles.  He  concluded  that  tests  of  both  strengths  have  been  shown 
to  successfully  discriminate  between  strong  and  weak  individu¬ 
als,  but  the  absolute  values  of  the  two  strengths  are  signifi¬ 
cantly  different  (23). 

Strength  is  highly  specific  (33,34),  and  the  concept  of 
strength  specificity  refers  to  several  different  aspects.  The 
differences  between  static  and  dynamic  strength  emphasise  one 
aspect.  The  different  definitions  of  strength  have  led  to  dif¬ 
ferent  methods  of  measuring  it.  Since  elements  of  both  static 


and  dynamic  strength  are  part  of  the  criterion  tasks,  tests  of 
both  strengths  are  required  in  the  testing  battery. 


Specificity  is  also  evident  in  the  different  measured 
strengths  of  the  various  muscles  and  muscle  groups  of  the  human 
body.  In  the  literature,  many  strength  scores  have  been  used, 
including  arm,  leg,  back  and  composite  strength  scores.  Since 
the  correlations  between  the  strength  of  different  muscle  groups 
have  been  low  (20),  this  paper  must  take  into  consideration 
which  strength  scores  will  best  parallel  the  results  of  the  cri¬ 
terion  tasks. 

Finally,  strength  results  will  be  specific  to  the  testing 
procedures  (33).  Two  major  procedural  variables  have  been  iden¬ 
tified  and  they  act  by  changing  the  relationship  of  the  muscle 
or  muscle  group  and  the  corresponding  lever  system.  Body  posi¬ 
tioning,  including  posture  and  joint  angles,  comprises  the  first 
variable  (17,18,21,35-55)  The  second  variable  is  the  amount  of 
stabilization  or  support  allotted  to  the  subjects  by  aids,  such 
as  arm  rests  or  seat  belts  (42,53,54,56,57).  Standardization  of 
the  testing  procedures,  to  ensure  all  subjects  are  tested  under 
similar  conditions  (19,21,33,34),  should  result  in  more  meaning¬ 
ful  comparisons  of  the  data. 

But  standardization  is  not  only  necessary  for  the  actual 
testing  procedures,  it  is  important  in  the  reporting  and  presen¬ 
tation  of  the  results  of  a  study.  This  will  also  help  to  ensure 
comparable  data  between  different  studies.  Descriptions  of  the 
presentation  of  the  measurements,  tests,  condition  of  the  sub¬ 
jects  and  the  data  are  summarized  in  Appendix  A. 

Strength  Measures 

A  single  strength  measure  may  be  a  meaningless  value  in 
practical  terms  (8,32).  Because  of  the  specificity  of  strength, 
it  would  not  be  valid  to  estimate  a  person's  overall  muscular 
strength  from  strength  measurements  involving  one  single  group 
of  muscles  (18,20).  A  battery  of  tests,  carefully  chosen  to  be 
biomechanically  related  to  the  requirements  of  the  criterion 
tasks,  would  be  more  appropriate  (18).  In  order  to  obtain  a 
measure  of  composite  strength,  the  proposed  strength  tests 
include  a  variety  of  static  and  dynamic  tests.  In  Appendix  B, 
the  static  and  dynamic  tests  are  described  in  detail. 

Static 

1.  right  and  left  grip  strengths 

2.  lifts  at  five  different  vertical  heights 

3.  back  extension 

4.  back  flexion 

5.  shoulder  flexion  (45  dgrees) 

6.  shoulder  flexion  (135  degrees) 

7.  elbow  flexion 

8.  arm  pull 
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Dynamic 

1.  chin-ups 

2.  push-ups 

3.  dips 

4.  sit-ups 

5.  vertical  leap 


It  can  be  noted  that  static  tests  constitute  the  major  por¬ 
tion  of  the  strength  battery.  There  are  two  important  reasons 
for  this.  First,  standardization  of  static  tests  is  less  com¬ 
plicated  than  dynamic  tests,  simply  because  the  testing  posi¬ 
tions  and  procedures  are  more  easily  reproduced.  In  contrast, 
dynamic  strength  testing  involves  body  motion,  for  which  poten¬ 
tial  error  may  be  introduced  by  factors  such  as  body  posture, 
joint  position  and  accelerations  of  various-  limb  parts 
throughout  the  range  of  motion  (18,20).  Secondly,  static 
strength  testing  is  less  time  consuming,  less  fatiguing  and 
safer  for  the  subject  (18,20).  In  principle,  maximum  static 
strength  can  be  determined  by  one  single  maximum  contraction. 
But,  several  trials  with  increasing  loads  are  necessary  to  find 
the  maximum  strength  using  the  dynamic  method  (20),  and  this  can 
increase  the  possibility  of  fatigue  and,  in  turn,  injury. 

The  problems  of  increased  time  consumption,  fatigue  and 
risk  of  injury  involved  with  the  dynamic  testing  method  required 
consideration.  One  attempt  to  alleviate  these  problems  was  to 
select  tests  which  do  not  require  the  movement  of  an. external 
weight,  but  use  the  subject’s  own  body  weight.  The  tests  are 
completed  once  and  the  number  of  successful  manoeuvres  over  a 
given  time  period  is  recorded.  Since  the  subject's  own  body 
weight  is  used,  the  strength  scores  are  measures  of  relative 
strength,  which  differs  from  absolute  strength.  Comparisons 
between  the  strength  scores  of  the  subjects  may  not  appear  to  be 
valid  because  the  resistance,  i.e.  body  weight,  varies  from  sub¬ 
ject  to  subject.  However,  there  is  a  standardized  element  in 
the  chin-up,  push-up,  sit-up  and  dip  tests  and  that  is  time. 
Some  of  the  performance  scores  of  the  criterion  tasks  are  also 
based  on  time.  The  dynamic  tests  of  relative  strength,  stand¬ 
ardized  by  time,  may  show  a  close  relationship  to  the  time-based 
criterion  tasks. 

Strength  Indices  and  Models 

In  the  literature,  many  strength  measures  have  been  com¬ 
bined  to  form  strength  indices  and  models  in  an  attempt  to  more 
accurately  represent  the  strength  capability  of  a  given  body 
segment  and  possibly  increase  the  predictive  power  of  some  meas¬ 
ure  of  performance  (1,16,19,58-61).  The  strength  indices  and 
models,  adapted  for  this  study,  appear  in  Appendix  B. 

The  models  combine  measures  of  strength  and  anthropometry 
(see  section:  Anthropometry).  They  deal  primarily  with  the 
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MMHA  of  lifting.  There  are  lifting  tests  in  the  test  battery, 
so  that  lifting  strength  can  be  directly  measured.  If  the 
models  show  practical,  predictive  relationships  to  the  measured 
lifting  strength  values,  then  they  can  be  used  to  estimate  lift¬ 
ing  strength.  This  would  reduce  the  number  of  tests  required  in 
the  testing  battery  and  possibly  remove  tests  which  are  poten¬ 
tially  more  strenuous  to  the  subjects. 

Static  Strength  Measuring  Apparatus 

A  strength  testing  apparatus  has  been  constructed  to  meas¬ 
ure  the  maximal  isometric  strength  of  different  muscle  groups.  A 
complete  description  of  the  testing  apparatus  and  the  recording 
instruments  appears  in  Appendix  B.  Briefly,  a  load  cell,  which 
measures  force,  is  affixed  to  the  base  of  the  strength  device. 
A  cable,  chain  and  nonstretchable  belt  provide  the  connection 
from  the  subject  to  the  load  cell.  The  electrical  output  from 
the  load  cell  is  recorded  on  an  X-Y  plotter. 

Standards  for  taking  static  strength  measurements  have  been 
established  in  the  literature  (20,57,62).  The  reported  time 
span,  for  a  voluntary  maximum  exertion,  varies  from  one  second, 
if  only  one  articulation  is  involved,  to  four  or  six  seconds,  if 
several  muscle  groups  are  involved  (20,57,62).  The  collection 
of  data  for  at  least  four  seconds  is  necessary  to  obtain  a 
steady-state  exertion  over  a  three  second  interval.  By  averag¬ 
ing  the  data  over  a  three  second  steady-state  interval,  errors 
induced  by  tremor  and  motion  dynamics  will  be  avoided  (49).  If 
a  contraction  is  sustained  for  more  than  eight  to  ten  seconds, 
fatigue  from  hypoxia  and  metabolite  accumulation  may  occur  (63). 
Therefore  to  limit  the  errors  caused  by  fatigue,  a  maximum  exer¬ 
tion  of  four  seconds  will  be  implemented  during  the  trials  and 
adequate  rest  periods  of  at  least  two  minutes  between  consecu¬ 
tive  exertions  will  be  used  (18,62). 


2.  Anthropometry 

Anthropometry  is  important  because  it  can  affect  the 
mechanics  of  a  movement  in  two  ways.  First,  anthropometric 
measures  are  intimately  involved  in  the  relationship  between  the 
muscle  or  muscle  group  and  the  corresponding  lever  system 
responsible  for  a  given  movement.  Second,  the  restrictions  of 
the  workspace  may  affect  the  performance  of  a  movement  by 
favouring  certain  individuals  because  of  their  specific  anthro¬ 
pometric  dimensions.  The  relationship  between  the  strength  data 
and  the  anthropometric  data  will  also  be  investigated.  A  review 
of  the  literature  suggests  that  significant  correlations  may 
exist  between  certain  strength  and  body  measurements 
(1,19,28,30,46,48,51,53,64-87). 


Anthropometric  Measures 


Thirty-three  anthropometric  measures,  in  addition  to  age 
and  gender,  will  be  recorded  for  each  subject.  As  suggested  by 
Ouellette,  et.al.  (88),  these  anthropometric  measures  were 
selected  because  of  their  relatedness  to  the  criterion  tasks  and 
the  physical  tests.  A  description  and  illustration  of  each 
measure  appears  in  Appendix  C. 

Some  of  these  measures  will  be  evaluated  directly  as  limit¬ 
ing  factors  of  performance  and  therefore  important  as  physical 
selection  standards.  A  number  of  anthropometric  indices  will  be 
derived  from  the  anthropometric  measures  using  the  formulae 
described  in  Appendix  C.  These  indices,  adapted  from  the 
literature,  have  shown  a  relationship  to  certain  strength  meas¬ 
ures.  The  greater  portion  of  the  anthropometric  measures  will 
be  combined  with  strength  measures  to  form  predictive  indices 
and  models  (see  Appendix  B). 


1*  Endurance 

The  speed  at  which  a  task  is  completed  is  important  as  a  limit¬ 
ing  factor  to  performance  (15,16).  Dynamic  strength  by  defini¬ 
tion  involves  movement.  The  time  taken  to  complete  a  dynamic 
strength  manoeuvre  may  range  from  one  quick  action  to  several 
repetitions  (8,24).  In  general,  the  dynamic  strength  tests, 
mentioned  in  the  literature,  are  measured  over  a  short  period  of 
time  (1  minute)  and  a  sustained  endurance  element  is  missing 
(6,43).  Similarly,  tests  of  static  strength  tend  not  to  involve 
prolonged  contractions. 

To  measure  the  ability  of  the  subjects  to  perform  over  long 
periods  of  time,  a  separate  test  is  required.  The  most  popular 
evaluation  of  endurance  is  the  measurement  of  maximal  aerobic 
capacity  while  exercising  on  a  treadmill  or  bicycle  ergometer 
(63).  It  has  been  shown  that  repetitive  lifting  causes  a 
response  of  the  cardio-pulmonary  functions  similar  to  that 
induced  by  treadmill  and  bicycle  ergometer  exercise  (89,90). 
Therefore,  a  measure  of  maximal  aerobic  capacity  should  show  a 
relationship  to  the  performance  of  a  repetitive  MMHA,  such  as 
lifting. 

Endurance  Measure 

To  assess  an  individual's  maximal  aerobic  capacity,  a  maxi¬ 
mal  test  is  not  necessary  (63).  A  step  test,  using  heart  rate 
as  its  criterion  measurement  of  oxygen  consumption,  can  be 
implemented  to  evaluate  a  subject's  maximal  aerobic  capacity 
(63,91,92).  This  assumes  that  the  relationship  between  the  cir¬ 
culatory  capacity  and  oxygen  consumption  can  be  predicted  (63). 
This  is  based  on  the  observations  that  the  circulatory  and  pul¬ 
monary  systems  respond  similarly  to  the  stresses  of  changing 
work  load  (63).  A  description  of  the  selected  test  appears  in 
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Appendix  D. 


PROPOSED  DATA  ANALYSIS 


The  primary  analysis  will  be  the  intercorrelation  of  the 
following  data: 

1.  strength  tests; 

2.  strength  indices; 

3.  anthropometric  measures; 

4.  anthropometric  indices; 

5.  models  and  equations,  using  both  strength  and 
anthropometric  measures. 

The  intercorrelation  analysis  may  reveal  significant  relation¬ 
ships  between  certain  measures,  indices  and  equations  (93) •  If 
this  occurs,  then  a  simplification  of  the  testing  battery  and 
subsequent  analysis  is  possible  by  replacing  those  parameters, 
difficult  to  assess,  with  others  that  are  more  easily  obtained. 
The  result  would  be  a  reduction  in  the  total  number  of  measures 
that  are  required  in  the  battery. 

The  main  analysis  will  take  the  results  of  the  anthro¬ 
pometric  measurements,  strength  tests,  calculated  indices, 
models  and  equations,  and  correlate  these  values  with  the  per¬ 
formance  scores  on  the  criterion  tasks.  Where  possible,  the 
data  showing  the  highest  correlations  will  be  grouped  and  multi¬ 
ple  correlation  techniques  (93)  will  be  implemented,  in  an 
attempt  to  increase  the  level  of  predictability.  If  the  multi¬ 
ple  correlations  yield  greater  predictability,  regression  equa¬ 
tions  will  be  calculated  (93).  The  measurements,  indices  and 
equations,  which  show  a  high  predictive  relationship  with  the 
criterion  tasks,  will  be  used  in  the  selection  standards  for  the 
three  CF  trades. 


REFERENCES 

1.  CHAFFIN,  D.B.,  G.D.  HERRIN  and  W.M.  KEYSERLING.  Preemploy¬ 
ment  Strength  Testing,  an  Updated  Position.  J.  Occ.  Hed.  20(6): 
403-406,  1978. 

2.  DAVIS,  P.O.,  C.O.  DOTSON  and  D.L.  SANTA  MARIA.  Physiologi¬ 
cal  Requirements  of  Firefighting.  Med.  Sci.  Sports.  9(1):  71, 
1977. 

3.  REILLY,  R.R.,  S.  ZEDECK  and  M.L.  TENOPYR.  Validity  and 
Fairness  of  Physical  Ability  Tests  for  Predicting  Performance  in 
Craft  Jobs.  J.  Appl.  Physiol.  64(3):  262-274,1979. 

4.  LEMON,  P.W.R.  and  R.T.  HERMISTON.  Physiological  Profile  of 
Professional  Fire  Fighters.  J.  Occ.  Med.  19(5):  337-340,  1977. 

5.  RAYNOLDS,  H.M.  and  M.A.  ALLGOOD.  Functional  Strength  of 
Commercial  Airline  Stewardesses.  Federal  Aviation  Administra¬ 
tion,  Washington  D.C.,  FAA-AM-75-13,  1975. 

6.  AYOUB,  M.M.,  R.F.  POWERS,  N.J.  BETHEA,  B.K.  LAMBERT,  H.F. 
MARTZ  and  G.M.  BAKKEN.  Establishing  Criteria  for  Assigning 
Personnels  to  Air  Force  Jobs  Requiring  Heavy  Work.  Texas  Tech. 
Uni.,  Lubbock,  Texas.  AMRL-TR-77-94 ,  1978. 

7.  DANIELS,  W.L.,  J.A.  VOGEL  and  D.M.  KOWAL.  Requirements  for 
Fitness  According  to  Job  Assignment  in  the  U.S.  Army.  Symposium 
on  Physical  Fitness  with  Special  Reference  to  Military  Popula¬ 
tions,  1978. 

8.  MYERS,  D.C.,  D.L.  GEBHARDT  and  E.A.  FLEISHMAN.  Development 
of  Physical  Performance  Standards  for  Army  Jobs:  The  Job 
Analysis  Methodology.  Advanced  Research  Resources  Organization, 
ARI-TR-466,  1980. 

9.  D.W.  ROBERTSON.  Development  of  Job  Strength  Requirements. 
Navy  Personnel,  Research  and  Development  Center,  San  Diego  CA., 
1979. 

10.  VOGEL,  J.A.,  J.E.  WRIGHT,  J.F.  PATTON,  J.  DAWSON  and  M.P. 
ESCHENBACK.  A  System  for  Establishing  Occupationally-related 
Gender-free  Physical  Fitness  Standards.  U.S.  Army  Research 
Institute  of  Env.  Med.,  1980. 

11.  SNOOK,  S.H.,  C.H.  IRVINE  and  S.F.  BASS.  Maximum  Weights 
and  Work  Loads  Acceptable  to  Male  Industrial  Workers,  A  Study  of 
Lifting,  Lowering,  Pushing,  Pulling,  Carrying,  and  Walking 

Tasks.  Am.  Ind.  Hyg.  Assn.  J.  31:  579-586,  1970. 

> 

12.  T.  ISHIKO.  Aerobic  Capacity  and  External  Criteria  of  Per¬ 
formance.  Canad.  Med.  Ass.  J.  96:  746-749,  1967. 

13.  N0RDESJ0,  L-O.  and  R.  SCHELE.  Validity  of  an  Ergometer 


v. 


9 


Cycle  Test  and  Measures  of  Isometric  Muscle  Strength  When 
Predicting  Some  Aspects  of  Military  Performance.  Forvarsmedi- 
cin.  10:  11-23,  1974. 

14.  CELENTANO,  E.J.  and  I.  NOY.  Human  Physical  Capabilities: 
Considerations  Towards  the  Development  of  Occupational  Physical 
Selection  Standards  For  Canadian  Forces  Trades.  DCIEM  Report. 
In  Press. 

15.  L.E.  HUTTO.  Measurement  of  the  Velocity  Factor  and  of  Ath¬ 
letic  Power  in  High  School  Boys.  Research  Quarterly.  9(3): 
109-128,  1938. 

16.  A.J.  WENDLER.  A  Critical  Analysis  of  Test  Elements  used  in 
Physical  Education.  Research  Quarterly.  9(1):  64-76,  1938. 

17.  KNAPIK,  J.J.  and  M.U.  RAMOS.  Isokinetic  and  Isometric 
Torque  Relationships  in  the  Human  Body.  Arch.  Phys.  Med.  Rehab. 
61:  64-67,  1980. 

18.  D.B.  CHAFFIN.  Ergonomics  Guide  for  the  Assessment  of  Human 
Static  Strength.  Am.  Ind.  Hyg.  Assn.  J.  36:  505-511,  1975. 

19.  YATES,  J.W.,  E.  KAMON,  S.H.  RODGERS  and  P.C.  CHAMPNEY. 
Static  Lifting  Strength  and  Maximal  Isometric  Voluntary  Contrac¬ 
tions  of  Back,  Arm  and  Shoulder  Muscles.  Ergonomics.  23(1): 
37-47.  1980. 

20.  E.  ASMUSSEN.  Measurement  of  Muscular  Strength.  For- 
varsmedicin.  3:152-155,  1967. 

21.  EDINGTON,  D.W.  and  V.R.  EDGERTON.  The  Biology  of  Physical 
Activity.  Houghton  Mifflin  Company,  Boston,  1976. 

22.  BENDER,  J.A.  and  H.M.  KAPLAN.  Determination  of  Success  or 
Failure  in  Dynamic  (Isotonic)  Movements  by  Isometric  Methods. 
Research  Quarterly  37(1):  3-8,  1966. 

23.  B.R.  CARLSON.  Relationship  Between  Isometric  and  Isotonic 
Strength.  Arch.  Phys.  Med.  Rehab.  51:  176-179,  1970. 

24.  NICKS,  D.C.  and  E.A.  FLEISHMAN.  What  Do  Physical  Fitness 
Tests  Measure?  -A  Review  of  Factor  Analysis  Studies.  Educa¬ 
tional  and  Psychological  Measurement.  22(1):  77-95,  1962. 

25.  ASMUSSEN,  E.,  0.  HANSEN  and  0.  LAMMERT.  The  Relationship 
Between  Isometric  and  Dynamic  Muscle  Strength  in  Man.  Communi¬ 
cations  of  the  Testing  and  Observation  Institute  of  the  Danish 
National  Association  for  Infantile  Paralysis,  Hellerup,  Denmark. 
No.  20,  1965. 

26.  BERGER,  R.A.  and  J.M.  HENDERSON.  Relationship  of  Power  to 
Static  and  Dynamic  Strength.  Research  Quarterly.  37(1):  9-13, 
1965. 


> 


10 


27.  DOSS,  W.S.  and  P.V.  KARPOVICH.  A  Comparison  of  Concentric, 
Eccentric  and  Isometric  Strength  o'f  Elbow  Flexors.  J.  Appl. 
Physiol.  20:  351-353,  1965. 

28.  HUNSICKER,  P.A.  and  G.  GREEY.  Studies  in  Human  Strength. 
Research  Quarterly.  28:  109-122,  1957. 

29.  P.J.  RASCH.  Relationship  Between  Maximum  Isometric  Tension 
and  Maximum  Isotonic  Elbow  Flexion.  Research  Quarterly.  28: 
85.  1957. 

30.  RASCH,  P.J.  and  W.R.  PIERSON.  Some  Relationships  of 
Isometric  Strength,  Isotonic  Strength  and  Anthropometric  Meas¬ 
ures.  Ergonomics.  6:  211-215,  1963. 

31.  N.  SALTER.  The  Effect  on  Muscle  Strength  of  Maximum 
Isometric  and  Isotonic  Contractions  at  Different  Repetition 
Rates.  J.  Physiol.  130:  109-113,  1955. 

32.  L.L.  LAUBACH.  Human  Muscular  Strength.  In  Anthropometric 
Source  Book  Volume  I:  Anthropometry  for  Designers.  Edited  by 
Webb  Associates,  NASA  Reference  Publication  1024,  1978. 

33.  K.H.E.  KROEMER.  Designing  For  Muscular  Strength  of  Various 
Populations.  Aerospace  Medical  Research  Division,  Wright- 
Patterson  AFB,  AMRL-T R-72-46,  1974. 

34.  WHITLEY,  J.D.  and  L.G.  ALLAN.  Specificity  Versus  General¬ 
ity  in  Static  Strength  Performance.  Arch.  Phys.  Med.  Rehab.  52: 
371-375,  1971. 

35.  AYOUB,  M.M.  and  J.W.  McDANIEL.  Effects  of  Operator  Stance 
on  Pushing  and  Pulling  Tasks.  AIIE  Transactions.  6(3):  1 85— 
195,  1974. 

36.  AYOUB,  M.M.,  N.J.  BETHEA,  S.  ASF0UR,  G.  CALISTO  and  C. 
GRASLEY.  Review  of  the  Strength  and  Capacity  Data  for  Manual 
Material  Handling  Activities.  Texas  Tech.  Uni.,  Lubbock,  Texas. 
1979. 

37.  BEDFORD,  T.  and  C.G.  WARNER.  Strength  Tests,  Observations 
on  the  Effects  of  Posture  on  Strength  of  Pull.  Lancet.  2: 
1328-1329,  1937. 

38.  L.S.  CALDWELL.  Body  Position  and  the  Strength  and 
Endurance  of  Manual  Pull.  Human  Facors.  6:  479-484,  1964. 

39.  L.S.  CALDWELL.  The  load-endurance  relationship  for  a 
Static  Manual  Response.  Human  Factors.  6:  71-78,  1964. 

40.  A.  CARPENTER.  A  Study  of  Angles  in  Measurement  of  the  Leg 
Lift.  Research  Quarterly.  9(3):  70-72,  1938. 

41.  CLARKE,  H.H.,  E.C.  ELKINS,  G.M.  MARTIN  and  K.G.  WAKIM. 


11 


Relationship  Between  Body  Position  and  the  Application  of  Muscle 
Power  to  Movements  of  the  Joints.  Arch.  Phys.  Med.  Rehab.  31: 
81-89,  1950. 

42.  ELKINS,  E.C.,  U.M.  LEDEN  and  K.G.  WAKIM.  Objective  Record¬ 
ing  of  the  Strength  of  Normal  Muscles.  Arch.  Phys.  Med.  Rehab. 
32:  639-647.  1951. 

43.  GARG,  A.,  A.  MITAL  and  S.S.  ASFOUR.  A  Comparison  of 
Isometric  Strength  and  Dynamic  Lifting  Capability.  Ergonomics. 
23(1):  13-27,  1980. 

44.  P.  HUGH-JONES.  The  Effect  of  Limb  Position  in  Seated  Sub¬ 
jects  on  Their  Ability  to  Utilize  the  Maximum  Contractile  Force 
of  the  Limb  Muscles.  J.  Physiol.  105:  332-3****.  1947. 

45.  P.A.  HUNSICKER.  A  Study  of  Muscle  Forces  and  Fatigue. 
WADC  Technical  Report  No.  57-586,  1957. 

46.  P.A.  HUNSICKER.  Arm  Strength  at  Selected  Degrees  of  Elbow 
Flexion.  WADC  Technical  Report  No.  54-548,  1955. 

47.  ISMAIL,  H.M.  and  K.W.  RANATUNGA.  Isometric  Tension 
Development  in  a  Human  Skeletal  Muscle  in  Relation  to  Its  Work¬ 
ing  Range  of  Movement:  The  Length-Tension  Relation  of  Biceps 
Branchii  Muscle.  Experimental  Neurology.  62:  595-604,  1978. 

48.  KEYSERLING,  W.M.,  G.D.  HERRIN  and  D.B.  CHAFFIN.  An 
Analysis  of  Selected  Work  Muscle  Strengths.  Engineering,  Human 
Performance  and  Safety  Research  Laboratory,  University  of  Michi¬ 
gan,  1978. 

49.  K.H.E.  KROEMER.  Human  Strength:  Terminology,  Measurement 
and  Interpretation  of  Data.  Aerospace  Medical  Research  Divi¬ 
sion,  Wright-Patterson  AFB,  AMRL-TR-69-90,  1970. 

50.  LIND,  A.R.,  R.L.  BURSE,  J.S.  PETROFSKY,  J.S.  RINEHARDT  and 
P.G.  SCHIMD.  The  Influence  of  Posture  on  Isometric  Strength  and 
Endurance,  Forearm  Blood  Flow,  and  the  Blood  Pressure  and  Heart 
Rate  Response  to  Isometric  Exercise.  Saint  Louis  Uni.,  AF0SR- 
TR-75-0086,  1974. 

51.  T.M.  PRINTY.  A  Consideration  of  the  Factors  Contributing 
to  Strength  Differences  in  Men  and  Women.  Naval  Postgraduate 
School.  Monterey,  Ca.,  1979. 

52.  RASCH,  P.J.  and  L.E.  MOREHOUSE.  Effects  of  Static  and 
Dynamic  Exercises  on  Muscular  Strength  and  Hypertrophy.  J. 
Appl.  Physiol.  11:  29-35,  1957. 

53.  START,  K.B.  and  J.S.  GRAHAM.  Relationship  Between  the 
Relative  and  Absolute  Isometric  Endurance  of  an  Isolated  Muscle 
Group.  Research  Quarterly,  35(2):  193-204,  1964. 


12 


54.  WAKIM,  K.G.,  J.W.  .GERSTEN,  E.C.  ELKINS  and  G.M.  MARTIN. 
Objective  Recording  of  Muscle  Strength.  Arch.  Phys.  Med.  31: 
90-100,  1950. 

55.  J.D.  WHITLEY.  The  Influence  of  Static  and  Dynamic  Training 
on  Angular  Strength  Performance.  Ergonomics.  10(3):  305-310, 
1967. 

56.  L.S.  CALDWELL.  Body  Stabilization  and  the  Strength  of  Arm 
Extension.  Human  Factors.  4(2):  125-130,  1962. 

57.  KROEMER,  K.H.E.  and  J.M.  HOWARD.  Problems  in  Assessing 
Strength.  Aerospace  Medical  Research  Division,  Wright-Patterson 
AFB,  AMRL-TR-68-144,  1970. 

58.  F.R.  ROGERS.  Physical  Capacity  Tests  in  the  Administration 
of  Physical  Education.  New  York:  Teacher's  College,  Columbia 
Univ.,  1926. 

59.  BARRY,  A.J.  and  T.K.  CURET0N.  Factorial  Analysis  of  Phy¬ 
sique  and  Performance  in  Prepubescent  Boys.  Research  Quarterly. 
32(3):  283-300,  1961. 

60.  CLARKE,  H.H.  and  G.H.  CARTER.  Oregon  Simplifications  of 
the  Strength  and  Physical  Fitness  Indices.  Research  Quarterly. 
30(1):  3-10,  1959. 

61.  MITAL,  A.  and  M.M.  AY0UB.  Modeling  of  Isometric  Strength 
and  Lifting  Capacity.  Human  Factors.  22(3):  285-290,  1980. 

62.  CALDWELL,  L.S. ,  D.B.  CHAFFIN,  F.N.  DUKES-DUBOS,  K.H.E. 
KROEMER,  L.L.  LAUBACH,  S.H.  SNOOK  and  D.E.  WASSERMAN.  A  Pro¬ 
posed  Standard  Procedure  for  Static  Muscle  Strength  Testing. 
Am.  Ind.  Hyg.  Assn.  J.  35(4):  201-206,  1974. 

63.  ASTRAND,  P.  and  K.  R0DAHL.  Textbook  of  Work  Physiology. 
McGraw-Hill,  New  York,  1977. 

64.  AYOUB ,  M.M.  and  J.W.  McDANIEL.  The  Biomechanics  of  Pushing 
and  Pulling  Tasks.  Texas  Tech.  Uni.,  Lubbock,  Texas.  1971. 

65.  J.W.  BORCHARDT.  A  Cluster  Analysis  of  Static  Strength 
Tests.  Research  Quarterly.  39(2):  258-264,  1968. 

66.  L.E.  BOWERS.  Investigation  of  the  Relationship  of  Hand 
Size  and  Lower  Arm  Girths  to  Hand  Grip  Strength  as  Measured  by 
Selected  Hand  Dynamometers.  Research  Quarterly.  32:  308-314, 
1961. 

67.  CARTER,  J.E.  and  R.H.  RAHE.  Effects  of  Stressful  Underwa¬ 
ter  Demolition  Training  on  Body  Structure.  Med.  Sci.  Sports. 
7(4):  304-308,  1975. 

68.  H.H.  CLARKE.  Relationships  of  Strength  and  Anthropometric 


13 


Measures  to  Physical  Performances  Involving  the  Trunk  and  Legs. 
Research  Quarterly.  28  (3):  223-233,  1957. 

69.  H.  CULLUMBINE.  Relationship  Between  Body  Build  and  Capa¬ 
city  for  Exercise.  J.  Appl.  Physiol.  2:  155-158,  1949. 

70.  DAVIES,  C.T.M.,  C.  BARNES  and  S.  GODFREY.  Body  Composition 
and  Maximal  Exercise  Performance  in  Children.  Human  Biology. 
44(3):  195-214,  1972. 

71.  EVERETT,  P.W.  and  F.D.  SILLS.  The  Relationship  of  Grip 
Strength  to  Stature,  Somatotype  Components,  and  Anthropometric 
Measurements  of  tne  Hand.  Research  Quarterly.  23(2):  161-166, 
1952. 

72.  C.H.  GRIFFITTS.  The  Inadequacy  of  Strength  Norms. 
Research  Quarterly.  6:  117-124,  1935. 

73.  A.S.  JACKSON.  Factor  Analysis  of  Selected  Muscular 
Strength  and  Motor  Performance  Tests.  Research  Quarterly. 
42(2):  164-172,  1971. 

74.  H.E.  JONES.  The  Relationship  of  Strength  to  Physique.  Am. 
J.  Phys.  Anthro.  5(1):  29-40,  1947. 

75.  KATCH,  V.L.  and  E.D.  MICHEAL.  The  Relationship  Between 
Various  Segmental  Leg  Measurements,  Leg  Strength  and  Relative 
Endurance  Performance  of  College  Females.  Human  Biology.  45(3): 
371-383.  1973. 

76.  C.E.  KEENEY.  Relationship  of  Body  Weight  to  Strength  Body 
Weight  Ratio  in  Championship  Weightlifters.  Research  Quarterly. 
26(1):  54-59,  1955. 

77.  LAMPHIEAR,  D.E.  and  H.J.  MONTOYE.  Muscular  Strength  and 
Body  Size.  Human  Biology.  48(1):  147-160,  1976. 

78.  LAUBACH  L.L.  and  J.T.  McCONVILLE.  Muscle  Strength,  Flexi¬ 
bility  and  Body  Size  of  Adult  Males.  Research  Quarterly.  37(3): 
384-392,  1966. 

79.  LAUBACH  L.L.,  K.H.E.  KROEMER  and  M.L.  THORDSEN.  Relation¬ 
ships  Among  Isometric  Forces  Measured  in  Aircraft  Control  Loca¬ 
tions.  Aerospace  Medicine.  43(7):  738-742,  1972. 

80.  G.  LOOKABAUGH.  The  Prediction  of  Total  Potential  Strength 
of  Adult  Males  from  Skeletal  Build.  Research  Quarterly.  8: 
103-108,1937. 

81.  C.W.  MAGLISCH0.  Bases  of  Norms  for  Cable-tension  Strength 
Tests  for  Upper  Elementary,  Junior  High  and  Senior  High  School 
Girls.  Research  Quarterly.  39(3):  595-603,  1968. 


14 


82.  E.G.  MARTIN.  Muscular  Strength  and  Muscular  Symmetry  In 
Human  Beings,  I.  In  Children.  Am.  J.  Physiol.  46:  67-83, 
1918. 

83»  MARTIN,  E.G.  and  W.H.  RICH.  Muscular  Strength  and  Muscular 
Symmetry  in  Human  Beings,  II.  In  Adult  Males.  Am.  J.  Physiol. 
47:  29-42,  1918. 

84.  PIERSON,  W.R.  and  E.R.  O'CONNELL.  Age,  Height,  Weight  and 
Grip  Strength.  Research  Quarterly.  33(3):  439-444,  1962. 

85.  ROBERTS,  D.F.,  K.A.  PROVINS  and  R.J.  MORTON.  Arm  Strength 
and  Body  Dimensions.  Human  Biology.  31:  334-343,  1959. 

86.  M.A.  THORSEN.  Body  Structure  and  Design:  Factors  in  the 
Motor  Performance  of  College  Women.  Research  Quarterly.  35(4): 
418-432,  1964. 

87.  WATSON,  A.W.S.  and  J.  O'DONOVAN.  Factors  Relating  to  the 
Strength  of  Male  Adolescents.  J.  Appl.  Physiol.  43(5):  834- 
838,  1977. 

88.  OUELLETTE,  R.G. ,  E.J.  CELENTANO,  I.  NOY,  G.A.H.  MacDONALD 
and  B.  RODDEN.  Relationship  Between  Anthropometry  and  Strength 
of  Canadian  Forces  (CF)  Personnel.  DCIEM  Report.  In  Press. 

89.  MILLER.  J.C.,  D.E.  FARLOW  and  M.L.  SELTZER.  Physiological 
Analysis  of  Repetitive  Lifting.  Aviat.  Space  Environ.  Med. 
48(10):  984-988.  1977. 

90.  MORIOKA,  M.,  K.  KISHIDA,  M.  SAITO  and  S.  HORINO.  Physio¬ 
logical  Work  Load  Analysis  in  Lifting  and  Lowering  Plastic  Con¬ 
tainer.  Proceedings  of  the  Human  Factors  Society-24th  Annual 
Meeting.  648-652,  1980. 

91.  NAGLE,  F.J.,  B.  BALKE  and  J.P.  NAUGHTON.  Gradational  Step 
Tests  for  Assessing  Work  Capacity.  J.  Appl.  Physiol.  20(4): 
745-748,  1965. 

92.  R.J.  SHEPHARD.  Computer  Programs  for  Solution  of  the 
Astrand  Nomograms  and  Calculations  of  Body  Surface  Area.  J. 
Sports  Med.  Phys.  Fitness.  10(4):  206-210,  1970. 

93.  G.A.  FERGUSON.  Statistical  Analysis  in  Psychology  and  Edu¬ 
cation.  McGraw-Hill,  New  York,  1976. 

94.  KAMON,  E.  and  A.J.  G0LDFUSS.  In-plant  Evaluation  of  the 
Muscle  Strength  of  Workers.  Am.  Ind.  Hyg.  Assn.  J.  39(10): 
801-807,  1978. 


15 


95.  WEBB  ASSOCIATES.  Anthropometric  Source  Book  (Voi  II):  A 
Handbook  of  Anthropometric  Data.  NASA  Reference  Publication 
1024,  1978. 

96.  BELL,  D.G.  and  K.M.  BERETTA.  Determination  of  Equivalent 
Workloads  for  Running  and  Cycling.  DCIEM  Report,  In  Press. 


APPENDIX  A 


STANDARDIZATION  OF  THE  REPORTED 


17 


Standardization  of  the  Reported  Data 


Because  of  the  considerable  diversity  of  data  presentation 
in  the  literature,  standardization  of  the  information  that 
should  be  encompassed  in  a  report  is  necessary  (57.62).  The 
following  is  a  summary  of  the  important  areas  that  should  be 
included  in  a  report,  so  that  the  results  may  be  meaningfully 
compared  to  the  findings  of  other  studies  (18,57,62).  It  should 
be  noted  that  the  standards  apply  directly  to  studies  involving 
static  strength  tests  (18,62). 

Describe  the  conditions  of  the  tests  in  relation  to: 

1.  body  parts  and  muscles  used  primarily; 

2.  body  position; 

3.  body  support  or  reaction  force  available; 

4.  coupling  of  the  subject  to  the  measuring  device; 

5.  strength  measuring  and  recording  device; 

6.  method  of  force  exertion; 

7.  instructions  given  to  the  subjects. 

Describe  the  subjects  in  relation  to: 

1.  population  and  sample  selection; 

2.  sex; 

3.  age; 

4.  medical  status; 

5.  training  related  to  tests; 

6.  relevant  anthropometry  and  how  it  wa3  measured. 

The  presentation  of  the  data  should  include: 

1.  mean  values; 

2.  standard  deviations; 

3.  measure  of  normality  or  skewness; 

4.  minimum  and  maximum  values; 

5.  sample  size. 


APPENDIX  B 

DESCRIPTION  OF  THE  STRENGTH  TESTS,  THE -STRENGTH  INDICES  AND  MODELS 
AND  THE  STATIC  STRENGTH  TESTING  APPARATUS 
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Description  of  the  Static  Strength  Teats 


1.  right  and  left  grip  strength 

This  is  the  only  static  strength  test  that  is  not 
measured  by  the  load  cell  and  the  static  strength 
testing  apparatus.  A  hand  grip  dynamometer,  adjusted 
to  the  subject's  comfortable  grip,  is  used.  The 
subject  stands  with  arms  at  sides  and  grips  the 
dynamometer,  one  hand  at  a  time.  Neither  the  hand, 
nor  the  dynamometer  should  be  allowed  to  touch  the 
subject's  body  during  the  exertion. 

2.  lifting  strength 

A  series  of  lifts  is  performed,  using  both  hands  in 
a  supine-positioned  grip  on  a  bar  and  the  feet  kept 
a  shoulder  width  apart.  The  subject  is  situated  so 
that  his/her  ankles  (medial  malleoli  landmarks)  are 
a  horizontal  distance  of  18  centimeters  from  the 
lifting  bar.  The  subject's  posture  will  depend  upon 
the  lifting  height.  The  following  lifting  heights, 
40,  81,  110,  140  and  190  centimeters,  will  test  the 

static  strength  of  the  legs,  back  or  torso,  arms  and 
shoulders. 

3.  back  extension 

The  procedure  is  similar  to  that  reported  in  Yates, 
et  al.  (19)  and  Kamon  and  Goldfuss  (94).  The  sub¬ 
ject  stands  upright,  facing  the  apparatus,  with  feet 
shoulder  width  apart.  A  strap  is  placed  around  the 
subject's  shoulders  and  attached  at  chest  level  to 
the  load  cell  via  cable  and  chain.  The  subject 
pulls  backward,  while  stabilized  by  a  board  in  front 
of  him/her,  that  extends  from  the  waist  to  the 
knees. 

4.  back  flexion 

The  procedure  is  similar  to  the  back  extension, 
except  the  subject  faces  away  from  the  apparatus. 
The  subject  pulls  forward,  while  supported  at  the 
buttocks. 

5.  shoulder  flexion  (45  degrees) 

The  procedure  is  similar  to  that  reported  in  Yates, 
et  al.  (19).  The  subject  stands  facing  away  from 
the  apparatus,  with  the  shoulder  kept  at  a  45  degree 
angle  and  the  elbow  joint  fully  extended.  The  angle 
between  the  upper  arm  and  the  trunk  is  set  with  a 
goniometer.  A  wrist  strap  on  the  right  arm,  cable 
and  chain  are  used  as  the  link  to  the  load  cell. 

6.  shoulder  flexion  (135  degrees) 

The  procedure  is  similar  to  that  reported  in  Yates, 
et  al.  (19)  The  subject  sits  facing  the  apparatus. 
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The  back  is  kept  straight  and  the  right  shoulder 
angle  is  135  degrees,  using  the  same  attachments  to 
the  load  cell  as  in  the  45  degree  shoulder  flexion. 

elbow  flexion 

The  procedure  is  similar  to  that  reported  in  Yates, 
et  al.  (19)  and  Kamon  and  Goldfuss  (94).  The  sub¬ 
ject  sits  facing  the  apparatus.  The  right  elbow  is 
rested  upon  a  padded  support,  with  the  forearm  in  a 
vertical,  mid-supinated  position  and  the  upper  arm 
parallel  to  the  floor.  The  link  to  the  load  cell  is 
via  a  wrist  strap,  cable  and  chain. 


arm  pull 

The  subject  faces  the  apparatus  and  stands  with  feet 
shoulder  width  apart.  With  the  right  hand  In  a 
supine  position  and  the  elbow  joint  angle  approxi¬ 
mately  155  degrees,  the  subject  pulls  towards 
his/her  body,  without  leaning  backwards.  A  goniome¬ 
ter  is  used  to  adjust  the  angle  at  the  elbow.  The 
link  to  the  load  cell  is  via  wrist  strap,  cable  and 
chain. 
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Description  of  the  Dynamic  Strength  Tests 


The  procedures  for  the  dynamic  strength  tests  are  adapted 
from  Ayoub,  et  al.  (6). 

1.  chin-ups 

The  subject's  body  is  suspended  from  a  bar,  using  a 
backward  palms  grip.  This  backward  grip  allows  2- 
2.5  more  chins  on  average  than  the  forward  grip.  A 
chin  is  defined  as  moving  from  the  position  of  arms 
extended,  to  chin  over  the  bar  and  back  to  arms 
extended.  No  swinging  or  kicking  is  permitted  and 
no  partial  credit  is  allowed.  The  exercise  should 
be  a  continuous  procedure.  The  score  is  the  number 
of  chins  successfully  completed  in  1  minute. 


2.  push-ups 

The  test  begins  with  the  subject  laying  on  his/her 
stomach  and  the  hands  beside  the  chest,  so  that  the 
forearms  are  perpendicular  to  the  floor.  The 
fingers  are  pointed  forward,  the  feet  are  together 
and  the  body  is  kept  straight.  The  push-up  differs 
for  the  female  subjects  in  that  they  will  support 
their  body  weight  on  their  hands  and  knees  and  not 
on  their  hands  and  the  anterior  portions  of  the 
feet.  The  body  is  raised  until  the  arms  are 
straight  and  then  lowered  again,  so  that  only  the 
chin  and  the  chest  touch  the  floor.  This  is 
repeated,  holding  no  position  any  longer  than  2 
seconds.  No  partial  credit  is  given  and  the  score 
is  equal  to  the  number  of  push-ups  successfully  com¬ 
pleted  in  1  minute. 


3.  dips 

The  subject  lifts  his/her  body  between  the  parallel 
bars,  which  have  been  adjusted  to  shoulder  height 
and  shoulder  width.  From  the  arms  straight  posi¬ 
tion,  the  subject  lowers  his/her  body  to  where  the 
elbow  forms  a  90  degree  angle.  The  examiner  notes 
this  place  with  a  fist,  which  the  subject  touches 
each  time  a  dip  is  performed.  One  count  is  given 
for  mounting  the  bars  and  an  additional  count  is 
given  for  each  time  the  body  is  returned  to  the 
extended  arms  position.  It  is  scored  as  the  number 
of  dips  successfully  completed  in  1  minute. 


M.  sit-ups 

The  subject  lays  supine  on  the  floor,  with  knees 
flexed  at  approximately  90  degrees  and  the  feet  30 
centimeters  apart.  The  hands,  with  the  fingers 
interlocked,  are  placed  on  the  back  of  the  neck  and 
the  feet  are  held  down.  The  subject  sits  up, 
touches  his/her  knees  with  elbows  and  then  returns 


) 
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to  the  start  position.  It  is  scored  as  the  number 
of  sit-ups  successfully  completed  in  1  minute. 

5.  vertical  leap 

With  chalked  fingers,  the  subject  reaches  as  high  as 
possible  while  standing  and  makes  a  mark  on  a  scale 
board.  The  subject  then  crouches  and  leaps  as  high 
as  possible,  making  another  mark  on  the  scale  board. 
This  is  repeated  for  a  total  of  3  leaps.  The  score 
is  equal  to  the  distance  from  the  top  of  the  reach 
mark  to  the  top  of  the  highest  leap  mark,  measured 
to  the  nearest  centimeter. 
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Strength  Indices  and  Models 

The  strength  indices  and  models  were  adapted  from  the 
literature  (1,16,19,58-61).  The  actual  formulae  comprising  the 
indices  and  models  may  be  of  limited  value  because  they  were 
derived  using  multiple  regression  techniques,  and  the  calculated 
coefficients  may  be  specific  to  the  original,  sample  populations 
(93).  However,  the  formulae  may  be  of  heuristic  value  because 
they  isolate  certain  candidate  strength  and  anthropometry  meas¬ 
ures,  and  suggest  their  possible  interrelationships. 

The  following  formulae  have  been  proposed  for  assessing 
overall  body  strength.  The  strength  indices  will  be  determined 
from  the  individual  tests  in  the  battery  and  evaluated  for  their 
predictive  performance  on  the  criterion  tasks.  The  first  for¬ 
mula  is  the  Roger's  measure  of  overall  strength  (58),  and  the 
next  nine  formulae  are  derivations  of  it  and  may  prove  to  be 
useful  simplifications.  The  last  two  formulae  are  measures  of 
arm  strength,  not  overall  strength.  A  measure  of  arm  strength 
is  required  in  some  of  the  formulae  of  overall  strength.  Both 
of  the  arm  strength  equations  will  be  used  to  calculate  that 
part  of  the  formulae.  The  authors  did  not  report  their  measures 
in  the  units  of  the  metric  system.  Therefore,  the  strength 
measures  and  body  weights  are  in  pounds  and  height  is  in  inches. 

Composite  strength  score  = 

1.  grip  strength  +  leg  strength  (lift)  back  strength 


(lift)  +  pull-ups  (chins)  +  push-ups  (dips)  +  lung 
capacity  (58) 

2.  chins  (1.000)  +  dips  (0.433)  +  sum  of  grips  (0.714) 

♦  back  lift  (0.204)  +  leg  lift  (0.199)  (16) 

3.  sum  of  grips  +  back  lift  +  leg  lift  (58) 

4.  leg  lift  (1.05)  +  back  lift  (1.35)  +  dips  (10.92) 

+  133  (59) 

5.  leg  lift  (1.33)  +  arm  strength  (1.20)  +  286  (59) 

6.  leg  lift  (1.12)  +  arm  strength  (0.99)  +  right  grip 

(5.19)  ♦  129  (59) 

7.  leg  lift  (1.22)  ♦  arm  strength  (1.23)  ♦  **99  (59) 

8.  leg  lift  (1.07)  ♦  arm  strength  (1.06)  +  back  lift 

(1.42)  ♦  194  (59) 

Arm  strength  = 

9.  [push-ups(dips)  ♦  pull-ups(chins) J  X 

[(weight/10)  4-  height  -  60]  (60) 

10.  height  (1.77)  4-  chins  (3.^2)  -  46  (60) 
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As  stated  earlier,  both  strength  and  anthropometric 
measures  are  used  in  these  models.  The  first  set  of  models 
is  adapted  from  Chaffin,  et  al.  (1).  They  split  the  move¬ 
ment  of  lifting  into  the  two  categories,  lifting  above  and, 
below  40  inches.  The  premise  is  that  different  muscle 
groups  will  be  the  primary  movers  for  the  lilting  action, 
depending  on  the  vertical  height  of  the  lift.  For  the  pur¬ 
pose  of  this  study,  the  following  indices  of  lifting 
strength  will  be  calculated  and  evaluated  for  their  ability 
to  predict  lifting  performance. 

1.  lifting  strength  s  6.25  [arm-shoulder 
strength/horizontal  distance],  when  the  vertical  distance 
is  greater  than  40  inches  and, 

2.  lifting  strength  =  10.0  [leg-back  strength/horizontal 
distance],  when  the  vertical  distance  is  less  than  40 
inches. 


The  second  group  of  multivariate  regression  equa¬ 
tions,  for  maximum  lifting  strength,  is  based  on  various 
anthropometric  and  strength  measurements  (19)#  and  have 
been  determined  for  different  lifting  heights.  Actual  max¬ 
imum  static  lifting  strengths  will  be  measured  at  each  of 
these  heights,  to  permit  comparisons  to  be  made  between  the 
predicted  and  the  measured  values.  Different  equations  are 
given  for  males  (M)  and  females  (F),  at  each  of  the  lifting 


heights. 

At  40  centimeters 

y  r  6016  +  EHt  (202.2)  +  A  (38.3)  -  Ht  (159.0)  M 

y  =  1400  +  BE  (4.5)  +  SHt  (33.6)  -  Ht  (35.1)  F 

At  81  centimeters 

y  =  -1160  ♦  BE  (6.9)  +  KHt  (22.4)  +  SF135  (14.5)  M 

y  =  -214  +  EF  (22.4)  ♦  SF135  (31-8)  -  SF45  (22.7)  F 

At  110  and  140  centimeters 

y  =  -2108  +  Ht  (12.1)  +  EF  (10.6)  -  G  (2.7)  M 

y  =  -174  ♦  SF45  (10.7)  +  EF  (6.9)  ♦  BE  (1.8)  F 

At  190  centimeters 

y  -  -1953  +  Ht  (16.6)  -  G  (6.8)  -  E  to  F  (15.7)  M 

y  s  -99  ♦  EF  (4.7)  +  SF135  (6.1)  ♦  BE  F 
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Where; 

y  s  maximum  static  lifting  strength  (Newtons) 

A  =  age  (years) 

BE  =  back  extension  (N) 

EF  =  elbow  flexion  (N) 

EHt  s  elbow  height  (centimeters) 

E  to  F  =  elbow  to  fist  length  (cm) 

G  =  grip  (N) 

Ht  :  height  (cm) 

KHt  s  knee  height  (cm) 

SF45  =  shoulder  flexion  at  45  degrees  (N) 

SF135  =  shoulder  flexion  at  135  degrees  00 
SHt  =  shoulder  height  (cm) 

Tht  r  trochanteric  height  (cm) 

Wt  =  weight  (kilograms) 

The  final  equations  are  models  for  predicting  the 
isometric  strength  of  males  and  females  (61).  The  calcu¬ 
lated  isometric  strength  values  will  be  compared  to  the 
measured  lifting  strength  values,  as  well  as  to  the'  data 
from  the  other  strength  tests.  The  models  predict 
isometric  strength  at  four  areas  of  the  body  as  well  as  a 
composite  of  lifting  strength.  The  authors  were  not  con¬ 
sistent  in  their  use  of  either  metric  or  English  units. 

1.  shoulder  strength  =  -31.028  -  sex  code  (33.723)  -  body 

weight  (1.500)  -  knuckle  height  (0.874)  -  iliac  crest 
height  (2.187)  +  chest  depth  (28.710)  +  chest  width 

(1.215)  +  RPI  (1.584)  +  body  weight  X  shoulder  height 

(0.014)  -  chest  depth  X  chest  depth  (0.753) 

2.  leg  strength  =  212.282  -  sex  code  (48.670)  +  age  (0.704) 

-  chest  width  (4.968)  +  body  weight  X  shoulder  height 
(0.005)  -  abdominal  depth  X  abdominal  depth  (0.076)  + 

predicted  shoulder  strength  (1.197) 

3.  arm  strength  =  -80.648  +  age  (0.688)  -  shoulder  height 

(0.414)  -  abdominal  depth  (2.010)  +  [In  body  weight] 

(34.264)  +  predicted  shoulder  strength  (0.622) 

4.  back  strength  s  -8.274  -  age  +  height  (1.850)  -  knuckle 

height  (3.088)  +  chest  depth  X  chest  depth  (0.05D  + 

predicted  shoulder  height  (1.052) 

5.  composite  =  -177.435  ♦  iliac  crest  height  (2.116) 

chest  depth  X  chest  depth  (0.116)  -  abdominal  depth  X 
abdominal  depth  (0.062)  ♦  predicted  shoulder  strength 
(1.704) 
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Where; 

age  is  in  years 

body  weight  and  strength  are  in  pounds 
body  measurements  are  in  centimeters 
sex  code  =  0  for  males  and  1  for  females 
RPI  =  ht/3  X  cube  root  of  body  weight 


V 
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Description  of  the  Static  Strength  Testing  Apparatus 

The  strength  testing  apparatus  and  recording  equipment  are 
displayed  in  Figure  1.  The  isometric  strength  testing  device 
was  adapted  from  descriptions  and  photographs  in  Yates,  et.al. 
(19)  and,  Kamon  and  Goldfuss  (9<D. 

The  strength  testing  device  consists  of  two  vertical,  metal 
standards  and  a  wood  base  surrounded  by  a  metal  frame.  A  pulley 
is  attached  to  a  metal  cross-piece  between  the  standards.  The 
load  cell  can  be  affixed  to  the  wood  base,  via  metal  plates,  in 
two  places  depending  upon  the  test  requirements. 

A  chain,  cable  and  nonstretchable  belt  provide  the  connec¬ 
tion  between  the  subject  and  the  load  cell.  The  chain  is  adju¬ 
stable  to  allow  for  use  in  different  tests  and  with  different 
subjects.  The  cable  will  pass  over  the  pulley  during  a  number 
of  the  tests.  The  belt  is  adjustable  and  2  inches  in  width,  as 
suggested  by  Chaffin  (18).  A  lifting  bar,  12  inches  in  length 
and  1  inch  in  diameter,  was  made  to  substitute  for  the  belt  in 
some  of  the  tests.  A  wooden  support  for  the  subject  can  be 
mounted  on  the  standards.  On  top  of  the  wooden  support  is  an 
elbow  rest.  The  contact  surfaces  between  man  and  apparatus, 
such  as  the  elbow  rest  and  the  lifting  bar,  are  padded  as  recom¬ 
mended  in  the  literature  (18). 

The  forces  measured  by  the  load  cell,  with  a  500  pound 
capacity,  are  all  in  tension.  The  output  of  the  load  cell  is 
recorded  on  graph  paper  by  an  X-Y  plotter,  which  was  modified 
with  a  timer  so  that  data  could  be  collected  oyer  a  period  of  5 
seconds.  To  calibrate  the  apparatus,  a  series  of  known  weights 
are  suspended  from  the  cable  and  chain.  This  provides  a  calibra¬ 
tion  factor  so  that  the  output  recorded  on  the  graph  paper  can 
be  eventually  expressed  in  the  unit  Newtons. 


Figure  1:  The  Static  Strength  Testing  Apparatus 


APPENDIX  C 

DESCRIPTION  OF  THE  ANTHROPOMETRIC  MEASUREMENTS 
AND  THE  ANTHROPOMETRIC  INDICES 
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Description  of  the  Anthropometric  Measurements 

Descriptions  of  the  anthropometric  measures  were,  in  part, 
taken  from  the  literature  (95),  and  they  are  illustrated  in  Fig¬ 
ures  2a  and  2b.  All  values  were  recorded  to  the  nearest  0.1  cm, 
except  the  skinfold  measures  (nearest  0.1  mm)  and  weight 
(nearest  0.1  kg).  All  measures  were  taken  from  the  right  side 
of  the  body.  The  measuring  equipment  included  a  weight  scale, 
measuring  bench,  anthropometer ,  beam  calipers,  spreading 
calipers,  skinfold  calipers,  cloth  measuring  tape,  foot  scale 
and  appropriate  wall-mounted  scales. 


1.  age 

Recorded  in  years. 

2.  gender 

Indicated  as  a  0  for  males  and  a  1  for  females. 

3.  weight  (mass) 

The  subject  stands  erect  on  medical  scales.  Weight 
is  recorded  to  the  nearest  0.1  kilograms. 

4.  stature 

The  subject  stands  erect  with  line  of  sight  horizon¬ 
tal  and  heels  together.  With  the  arm  of  the  anthro¬ 
pometer  touching  the  scalp  in  the  midsagittal  plane, 
the  vertical  distance  from  the  standing  surface  to 
the  top  of  the  head  is  measured. 

5.  shoulder  height 

The  subject  stands  erect  with  heels  together.  The 
vertical  distance  from  the  standing  surface  to  the 
right  acromion  landmark  is  measured  with  the  anthro¬ 
pometer. 

6.  elbow  height 

The  subject  stands  erect  with  heels  together.  The 
vertical  distance  from  the  standing  surface  to  the 
olecranon  process  (proximal  end  of  the  ulna)  is 
measured  with  the  anthropometer. 

7.  interphalangeal  joint  height 

The  subject  stands  erect  with  heels  together.  The 
vertical  distance  from  the  standing  surface  to  the 
middle  knuckle  (second  interphalangeal  joint)  of  the 
right  middle  finger  is  measured  with  the  anthropome¬ 
ter. 

8.  iliocristale  height 

The  subject  stands  erect  with  heels  together.  The 
vertical  distance  from  the  standing  surface  to  the 
top  of  the  right  ilium,  in  the  mid-axillary  plane, 
is  measured  with  the  anthropometer. 
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9.  trochanteric  height 

The  subject  stands  erect  with  heels  together.  The 
vertical  distance  from  the  standing  surface  to  the 
top  of  the  right  greater  trochanter  is  measured  with 
the  anthropometer. 

10.  biacromial  breadth 

The  subject  stands  erect  with  heels  together  and 
arms  relaxed  at  the  sides.  The  horizontal  distance 
between  the  two  acromial  landmarks  is  measured  with 
the  beam  calipers. 

11.  chest  breadth 

The  subject  stands  erect  with  heels  together  and 
arms  slightly  abducted.  The  horizontal  chest 
breadth  at  nipple  height  is  measured  at  the  average 
point  of  quiet  respiration,  using  the  beam  calipers. 

12.  biiliocristale  breadth 

The  subject  stands  erect  with  heels  together  and 
arms  at  the  sides.  The  horizontal  distance  between 
the  superior  points  of  the  iliac  crests,  in  the 
mid-axillary  plane,  is  measured  using  the  beam 
calipers. 

13.  chest  depth 

The  subject  stands  erect  with  heels  together  and 
arms  at  the  sides.  The  horizontal  depth  of  the 
chest  at  nipple  height  is  measured  at  the  average 
point  of  quiet  respiration,  using  the  beam  calipers. 

14.  abdominal  depth 

The  subject  stands  erect  with  heels  together  and  is 
instructed  to  relax  the  abdominal  muscles.  The  max¬ 
imum  horizontal  depth  of  the  lower  torso  at  the 
abdomen  is  measured  at  the  average  point  of  quiet 
respiration,  using  the  beam  calipers. 

15.  elbow-interphalangeal  joint  length 

The  subject  sits  erect  on  the  measuring  bench,  with 
shoulders  and  upper  arms  relaxed  and  the  elbows 
flexed  to  place  the  ulnar  surfaces  of  the  forearms 
in  the  horizontal  plane,  and  parallel.  The  fingers 
are  flexed  at  the  second  interphalangeal  joint  with 
the  palm  facing  inward.  The  horizontal  distance 
from  the  olecranon  to  the  second  interphalangeal 
joint  of  the  middle  finger  is  measured  with  the  beam 
calipers. 

16.  foot  length 

The  subject  stands  erect  with  both  feet  in  the  foot 
measuring  box  and  10  cm  apart.  The  right  foot  is 
positioned  so  that  its  long  axis  is  parallel  to  the 
side  of  the  box,  with  the  heel  toughing  the  rear. 
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The  lateral  metatarsal-phalangeal  joint  is  in  light 
contact  with  the  side  of  the  box.  A  measuring  block 
is  held  against  the  tip  of  the  most  distal  phalanx 
and  the  length  of  the  right  foot  is  measured  on  the 
foot  scale. 

17a.  relaxed  biceps  circumference 

The  subject  stands  erect  with  the  right  arm  extended 
forward  horizontally  and  supported  at  the  wrist  so 
that  the  biceps  brachii  is  relaxed.  With  the 
measuring  tape  held  perpendicular  to  the  long  axis 
of  the  right  arm,  the  circumference  at  the  bicep 
landmark  is  measured. 

17b.  flexed  biceps  circumference 

The  subject  stands  erect  with  the  right  arm  extended 
forward  horizontally  and  the  elbow  flexed  so  that 
the  forearm  is  raised  vertically.  The  subject  is 
instructed  to  make  a  fist  and  maximally  contract  the 
biceps  brachii  while  flexing  the  right  elbow  to 
bring  the  fist  in  contact  with  the  shoulder.  With 
the  measuring  tape  held  perpendicular  to  the  long 
axis  of  the  right  upper  arm,  the  maximum  bicep  cir¬ 
cumference  (bicep  landmark)  is  measured. 

18.  chest  circumference 

The  subject  stands  erect  with  arms  slightly 
abducted.  The  measuring  tape  is  held  in  the  hor¬ 
izontal  plane  and  the  circumference  of  the  chest  at 
the  nipple  height  is  measured  at  the  average  point 
of  quiet  respiration. 

19.  upper  thigh  circumference 

The  subject  stands  erect  with  heels  together  and 
weight  distributed  equally  on  both  feet.  The  hor¬ 
izontal  circumference  of  the  thigh,  just  below  the 
gluteal  fold,  is  measured  with  the  measuring  tape. 

20.  calf  circumference 

The  subject  stands  with  heels  together  and  weight 
distributed  equally  on  both  feet.  With  the  measur¬ 
ing  tape  held  horizontally,  the  maximum  circumfer¬ 
ence  of  the  lower  leg  measured. 

21.  humerus  diameter 

The  subject  sits  erect  with  the  right  arm  extended 
forward  horizontally,  the  elbow  flexed  and  the 
forearm  raised  vertically.  The  distance  between  the 
lateral  and  medial  epicondyles  of  the  humerus  is 
measured  with  the  spreading  calipers.  Slight  pres¬ 
sure  is  exerted  on  the  caliper  tips  to  compress  the 
soft  tissue. 
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22.  femur  diameter 

The  subject  sits  on  the  measuring  bench  with  feet 
supported  so  that  the  thighs  are  in  the  horizontal 
plane  and  parallel.  The  lower  leg  is  vertical,  with 
the  popliteal  in  light  contact  with  the  front  edge 
of  the  bench.  The  distance  between  the  lateral  and 
medial  epicondyles  of  the  femur  is  measured  with  the 
spreading  clipers.  Slight  pressure  is  exerted  on 
the  caliper  tips  to  compress  the  soft  tissue. 

23.  seated  height 

The  subject  sits  erect  on  the  measuring  bench  with 
line  of  sight  horizontal  and  the  arms  resting 
lightly  on  the  thighs.  The  feet  are  supported  so 
that  the  thighs  horizontal  and  parallel.  With  the 
arm  of  the  anthropometer  touching  the  scalp  in  the 
midsagittal  plane,  the  vertical  distance  from  the 
sitting  surface  to  the  top  of  the  head  is  measured. 

24.  seated  eye  height 

The  subject  sits  erect  on  the  measuring  bench  with 
line  of  sight  horizontal  and  the  arms  resting 
lightly  on  the  thighs.  The  feet  are  supported  so 
that  the  thighs  are  horizontal  and  parallel.  The 
vertical  distance  from  the  sitting  surface  to  the 
right  pupil  is  measured  with  the  anthropometer. 

25.  knee  height 

The  subject  sits  erect  on  the  measuring  bench  with 
feet  supported  to  that  the  thighs  are  horizontal  and 
parallel.  The  lower  legs  are  vertical  (knees  bent 
to  90  degrees)  with  both  popliteal  in  light  contact 
with  the  front  edge  of  the  bench.  The  vertical  dis¬ 
tance  from  the  foot  surface  to  the  superior  aspect 
of  the  right  patella  is  measured  with  the  anthropom¬ 
eter. 

26.  popliteal  height 

The  subject  sits  erect  on  the  measuring  bench  with 
feet  supported  so  that  the  thighs  are  horizontal  and 
parallel.  The  lower  legs  are  vertical  (knees  bent 
to  90  degrees)  with  both  popliteal  in  light  contact 
with  the  front  edge  of  the  bench.  The  vertical  dis¬ 
tance  from  the  foot  surface  to  the  underside  of  the 
thigh  immediately  behind  the  knee  (as  measured  from 
the  floor  to  the  sitting  surface)  is  measured  with 
the  anthropometer. 

27.  buttock-popliteal  length 

The  subject  sits  erect  on  the  measuring  bench  with 
feet  supported  so  that  the  thighs  are  horizontal  and 
parallel.  The  lower  legs  are  vertical  with  both 
popliteal  surfaces  in  light  contact  with  the  front 
edge  of  the  bench.  A  measuring  block  is  held 


34 


against  the  most  posterior  aspect  of  the  right  but¬ 
tock  and  the  horizontal  distance  from  the  front  edge 
of  the  bench  to  the  measuring  block  is  read  from  the 
bench  scale. 

28.  forward  functional  reach  (standing) 

The  subject  stands  erect  in  a  corner  with  the  back 
against  one  wall  and  the  right  arm  extended  forward 
horizontally  along  the  other  wall.  The  right  hand 
is  pronated  and  fingers  clenched  to  form  a  fist. 
The  thumb  is  then  fully  extended  below  the  fist,  in 
horizontal  line  with  the  forearm.  The  heels,  but¬ 
tocks  and  shoulders  are  held  firmly  against  the  wall 
and  a  measuring  block  is  held  against  the  tip  of  the 
extended  thumb.  The  horizontal  distance  from  the 
back  wall  to  the  block  is  measured  on  the  wall 
scale. 

29.  overhead  reach 

The  subject  stands  erect  with  heels  together  and 
buttocks  and  shoulders  against  the  wall.  The  right 
arm  is  extended  vertically  upward,  while  the  heels 
remain  in  contact  with  the  standing  surface.  With 
the  right  arm  fully  extended,  the  tips  of  the 
fingers  are  used  to  push  a  measuring  block  up  to 
wall  to  a  maximum  vertical  height.  The  vertical 
distance  from  the  standing  surface  to  the  block  is 
measured  on  the  wall  scale. 

30.  functional  leg  length 

The  subject  sits  on  the  extreme  edge  of  the  measur¬ 
ing  bench  with  the  right  leg  fully  extended  forward. 
The  heel  rests  on  the  floor  and  the  foot  is  maxi¬ 
mally  dorsiflexed.  The  subject  then  sits  erect  and 
the  distance  from  the  plantar  surface  of  the  foot  to 
the  posterior  waist  landmark,  along  the  long  axis  of 
the  leg,  is  measured  with  the  anthropometer.  The 
measured  distance  is  corrected  by  subtracting  1.3  cm 
to  allow  for  the  thickness  of  the  perpendicular  sur¬ 
face  attached  at  the  base  of  the  anthropometer. 

31.  biceps  skinfold 

The  subject  stands  erect  with  arms  relaxed  at  sides. 
The  thickness  of  a  skinfold  on  the  front  of  the  arm, 
midway  between  the  elbow  and  acromion,  is  picked  up 
parallel  to  the  long  axis  of  the  upper  arm.  It  is 
measured  using  skinfold  calipers. 

32.  triceps  skinfold 

The  subject  stands  erect  with  arms  relaxed  at  sides. 
The  thickness  of  a  skinfold  on  the  back  of  the  arm, 
midway  between  the  acromion  and  the  olecranon  pro¬ 
cess,  is  picked  up  parallel  to  the  long  axis  of  the 
upper  arm.  It  is  measured  using  skinfold  calipers. 
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33.  subscapular  skinfold 

The  subject  stands  erect  with  arms  relaxed  at  sides. 
The  thickness  of  a  skinfold  is  picked  up  just  below 
the  inferior  angle  of  the  scapula  and  parallel  to 
the  natural  cleavage  line  of  the  skin.  It  is  meas¬ 
ured  using  skinfold  calipers. 

34.  suprailiac  skinfold 

The  subject  stands  erect  with  arms  relaxed  at  sides. 
The  thickness  of  a  skinfold  is  picked  up  above  the 
iliac  crest  which  is  palpable  anterior  to  the  midax- 
illary  line.  The  measurement  is  taken  parallel  to 
the  natural  cleavage  of  the  skin  using  skinfold 
calipers. 

35.  calf  skinfold 

The  subject  stands  on  the  left  leg,  the  right  knee 
bent  to  90  degrees  and  supported  on  the  measuring 
bench.  The  thickness  of  a  skinfold  is  picked  up  on 
the  medial  surface  of  the  calf  at  the  region  of  max¬ 
imum  circumference.  The  measurement  is  taken  paral¬ 
lel  to  the  long  axis  of  the  lower  leg,  using  skin¬ 
fold  calipers. 
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Anthropometric  Indices 

The  following  are  anthropometric  indices,  which  may  be  use¬ 


ful  in  prediction  of  certain  strength  measures. 

1.  ponder al  index  =  stature  X  the  cube  root  of  weight  (81) 

2.  index  =  upper  arm  circumference/thigh  circumference  (81) 

3.  index  =  chest  circumference  X  stature  (81) 

4.  index  =  biaeromial  breadth/biiliocristale  breadth  (81) 

5.  index  =  chest  circumference/weight  (81) 

6.  index  =  stature/weight  (81) 

7.  index  =  thigh  circumference/femoral  breadth  (59) 

8.  index  =  biiliocristale  breadth  +  foot  length  (68) 


9.  index  =  chest  circumference  (20.02)  +  humeral  width 
(175.88)  +  femoral  width  (85. 91)  -  1529 


(80) 
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APPENDIX  D 


DESCRIPTION  OF  THE  ENDURANCE  TEST 


40 


Description  of  the  Endurance  Test 


A  step  test  will  be  used  to  evaluate,  indirectly,  each 
subject's  maximum  aerobic  capacity.  The  following  procedures, 
for  the  step  test,  were  outlined  in  Bell  and  Beretta  (96). 

1.  Three  heart-rate  monitoring  electrodes  are  placed  on 
the  subject's  chest. 

2.  A  seated,  resting  heart  rate  is  taken  prior  to  step¬ 
ping.  The  step  test  begins  if  the  there  are  no  apparent 
abnormalities  in  the  resting  trace  and  if  the  rate  did  not 
exceed  95  beats  per  minute. 

3.  If  the  pre-exercise  heart  rate  is  above  95  beats  per 
minute,  the  subject  is  asked  to  relax  until  the  heart  rate 
decreases. 

4.  The  step  height  for  males  is  40  centimeters  and  33  cen¬ 
timeters,  for  females. 

?.  One,  two  or  three  step  sequences,  each  four  minutes  in 
length,  are  performed  consecutively,  with  a  one-minute  rest 
period  between  tests  and  with  the  rate  of  ascent  increasing 
from  18  to  24  to  30  cycles  per  minute. 

6.  The  heart  rate  is  recorded  during  the  last  15  seconds 
of  each  stepping  period.  A  heart  rate  in  excess  of  140 
beats  per  minute  signals  the  end  of  the  test. 

•  7.  The  oxygen  cost  of  the  stepping  activity  is  determined 

using  the  equations  of  Nagel,  et.al.  (91).  Once  the  oxygen 
cost  of  the  activity  is  determined,  the  maximum  oxygen 
uptake  is  predicted  using  a  formula  by  Shephard  (92). 


